Abstract: AMTEC power is limited by the converter's hot and cold end temperature, and also limited by the performance of capillary pump. The capillary pump with micro fluidic performance, it's performance mainly affected by the geometric parameters of the porous media, hot and cold end temperature, electric current, etc. The capillary pump will become invalid during some special periods of AMTEC, such as start, stop, drying up in the case of operation condition change. Once the capillary pump is down, the working fluid would not get sufficient power for circulating, result in running with unsteady state.
I. Introduction
MTEC is a static power generation system, which has advantages of high power density, no moving parts, nonpolluting emissions, and a competitive manufacturing cost. AMTEC can be widely used to the fields of space power systems, underwater power source, and industrial power generation. It also can be applied to power generation system using solar or radioisotope energy as heat source 1 . The AMTEC cell power is limited by the cell hot and cold end temperature, and also limited by the performance of capillary pump, and the capillary pump performance is mainly affected by the geometric parameters of the porous media, the hot and cold end temperature, electric current, etc. The capillary pump may become invalid such as stop, drying up in the case of operation condition change.
As shown in Figure 1 , liquid sodium enters the capillary pump from the left (the condenser), and then flows to the evaporator, drove by the gas-liquid interface surface tension, absorbs heat transferred by the thermal conductivity column and radiation to evaporate in the evaporator, finally flow out from the high-pressure chamber. Most of the input heat acts as energy for the latent heat of liquid sodium's evaporation. Some heat loss due to the evaporator through the transport segment.
Figure 1. physical model
There are no reports on the experimental testing of AMTEC within the capillary pump currently, mainly due to the special structure of AMTEC, which makes the measurement of the capillary pump be difficult. We can estimate the performance of the capillary pump merely through the input and out data, so it's important for the design of the A capillary pump in AMTEC by establishing a precise mathematical model to estimate the flow and heat transfer performance of the capillary pump. The special porous medium structure of the capillary pump leads the form of liquid sodium flow in capillary pump to very complex, and it couples the fluid flow with the heat and mass transfer and the phase change process, etc. There is no accurate model to describe all of these physical processes 2 .
The main purpose of this paper is to establish a capillary pump shaft symmetrical two-dimensional mathematical model, which can simulate the flow and heat transfer characteristics of the capillary pump. It can not only predict the distribution of density, temperature, pressure, etc., but also predict the thermodynamic limit and the critical pore size distribution. This article analyzed not only the porosity on the pressure loss, the evaporation flow and thermal efficiency, but also the influence of temperature on the critical aperture. The results will be helpful to the design of high-performance capillary pump in AMTEC.
II. Solution zone and governing equations
In this paper, the calculation model ( Figure 2 ) used to simulate the flow and heat transfer process within the capillary pump is based on the following assumptions: 1. all items in the local thermal equilibrium, 2. not consider the deformation of the solid skeleton as well as changes of the physical parameters.
List the governing equations of different solving zone.
Figure2 calculation mode

1) Momentum equation and continuity equation:
Solving zones 1 and 2 are made of porous medium. The flow can be described by Darcy-Ergun momentum equation. In the capillary pump whose sodium flow rate is less than 50mg/s, the pore of transport segment and evaporator Re is less than 1, and the Ergun can be ignored 3 . Then the momentum equation is:
In the formula above, penetration K can be obtained by Blake-Kozeny equation 4 :
In solving zone 3:
In the solving zone 1, 2, 3, the continuity equation:
2) In the solving zone1, 2, 3, the energy equation:
In this formula above:
In the solving zone 4:
3) Phase field governing equation:
In the formula above,
S are source items used to deal with capillary force and phase transitions, which are expressed as:
ev m     is evaporation / condensation rate. As for metal fluid, it can be expressed by the gas kinetic theory as 5 :
4) Boundary conditions are set as follows:
III. Numerical results and analysis
The numerical calculation use sodium as the working substance, and the capillary pump is made of combinations materials of stainless steel and copper. The size of the geometric structure: Lta=170mm, Lev=20mm, Lcs=20mm， Lcap=200mm, Rta=4mm, Rev=7mm, δcs=3mm. the boundary conditions are set as: Pin=5Pa, Pout=60979.3Pa, Tcd =600K, The=1135.53K. Figure 3 shows that in the larger porous transport segment the density decreases linearly, but in the evaporator section of small porous it is almost constant in the evaporator surface due to evaporation. On the surface of evaporator, the liquid sodium turns into gaseous state due to evaporation, so the density suddenly decreased. It can be seen from Figure 4 that temperature in the transport segment increased linearly, while the change in the evaporator section is very small, and appears to a slight decrease at the outlet due to phase transition. In addition, the density of liquid sodium is a linear function of temperature, which decreases when temperature increases. The density of gaseous sodium is much smaller than that of liquid sodium. Figure 4 . temperature distribution Figure 5 shows the pressure in the porous medium decreased gradually. The pressure gradient in the transport segment is small than that in the evaporator section, which occurs because the penetration is proportional to the square of the pores size. Evaporator pores are small, so the penetration rate will be small, and the pressure loss will be larger. At the outlet of the evaporator, due to the presence of surface tension at the gas-liquid interface, the pressure appears to a step-jump. The pressure difference is maintained by the capillary force of porous media in the evaporator. When the maximum pump pressure is difficult to maintain the liquid sodium from the condenser back to the evaporator or condenser is unsaturated, capillary pump will be dry 6 . Therefore, the capillary pressure must be greater than or equal to the pressure loss of the entire process:
As can be seen in Figure 6 , the pressure loss decreases as the porosity increases, and the effect is more significant in the low porosity and larger pores. When the porous media is in the same size, evaporator porosity has less effect on the pressure loss. Therefore, we can draw the conclusion that using the transport segment with a large aperture aim at reducing the pressure loss, whereas the evaporator with a small aperture aim at providing sufficient pump pressure cycle to maintain the driving force required. As can be seen from Figure 7 , the evaporation flow obtained decreases with the increase of the porosity of the transport segment, and increases with the increase of porosity of the evaporator when the working pressure is 60979.3Pa. This is due to the thermal conductivity of liquid sodium is much larger than that of the porous medium skeleton, so the effective thermal conductivity is mainly affected by liquid sodium. Therefore, the greater the porosity is, the greater the effective thermal conductivity will be. If we increase the porosity of the transport segment, the heat loss to the AMTEC condenser will be greater, the latent heat of vaporization will be smaller, and the evaporation flow will be smaller. Figure 8 shows the thermal efficiency decreases as the porosity of the evaporator and transport segment increases. When the porosity of the transport segment increased from 0.5 to 0.65, the thermal efficiency will decrease from 0.99 to 0.915. When the porosity of the evaporator changes in the same range, the thermal efficiency only reduces about 0.002. The thermal efficiency indicates the ratio of the effective heat and total heat input. In terms of the same heat input, the smaller the heat loss is, the greater the thermal efficiency will be. The increase of the pressure drop caused by the formation of bubbles in the porous media of the capillary pump will lead to a lower capillary pump performance. Only superheat or reduction of the liquid pressure can induce bubbles in liquid sodium of high purity. The liquid sodium with a high thermal conductivity can withstand high overheating and more difficult to occur in porous media before boiling. But the liquid will bubble when pressure is reduced until the liquid has reached the limit of the tensile strength and evaporation, which is under the vapor pressure or even near vacuum. This is related to aperture, which is known as the critical aperture. Critical aperture at any position can be expressed as 7 :
(16) Figure 9 shows that the critical aperture changes greatly in the transport segment, while changes little in the evaporator, and even a slight increase at the exit, and the higher the temperature of the hot end is, the more obvious the rise will be. We also see in the figure, the higher temperature of the condenser, the smaller the critical aperture at the entrance of transport segment, but the critical aperture of the evaporator is not affected by the condenser temperature, whereas the higher the hot end temperature is, the smaller the critical aperture in the evaporator will be. The actual aperture must be smaller than the critical aperture In order to make the capillary pump does not produce bubbles. The critical aperture distribution curve and the actual pore size distribution curve cross when the temperature of the hot end is 1200K. While the capillary pump is possible to produce bubbles when the temperature continues to rise, the place most prone to produce bubbles located at the contact of the transport segment and the evaporator. It showed, the changes of the condenser temperature will not have a huge impact on the reliability of the capillary pump, but the temperature of the hot end have a huge impact on the reliability of the capillary pump, especially the evaporator. The higher the temperature is, the worse the reliability will be, and the more unstable the capillary pump will be. 
IV. Conclusions
In this paper, we used a detail mathematical model to simulate the working process of the capillary pump within the AMTEC, and estimated the pressure loss and the thermodynamic limit of capillary pump, analyzed the effect of basic parameters of the porous medium on the pressure loss and heat transfer characteristics, and analyzed the reliability of the capillary pump at different temperatures, drew the following conclusion:
1. Increase the porosity of the porous media of the capillary pump will reduce the pressure drop and improve the performance of the flow, but increases the porosity of the transport segment will reduce the evaporation flow and the output current, and increase the porosity of the evaporator can significantly reduce the thermal efficiency resulting in lower the AMTEC the overall efficiency 2. The effect of the temperature of the condenser on the reliability can be negligible , but the effect of the temperature of the hot end on the reliability of the capillary pump is great. The higher the temperature is, the worse the reliability will be, the more unstable the capillary pump run, the system more prone to failure.
